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in c ~ tr9ClllCtl0 " : , The ^ volcanic “d im Pact histories of the Moon are closely linked and the record preserved 
in surfa? morphology and samples is tightly convolved because of the interaction of the two processes P The 
onvolution of the record is an important goal in order to assess early volcanic flux ( 1 ) and the mode of 

tai? S22 b3Sin deP ° S ^ F ° r eX3mple ’ ,unar ^ ht P 1 *™ have ^ously interpreted as 
volcanic (2), impact (3), and volcanic covered by impact deposits (4) fe g crvntomare mi Th^ . r 

cntena for the detenmnation of the origin of light pLs an^the deSn a S 

ZS ° 11118 ^ reC ,° rd - In ^ paper we outUne *e various hypotheses forTe ongm of L potential 
w ^“ ( occurren c e o f light Plains and cryptomana, and develop criteria for their recognition and documentation. 
f . • C » CX n!I! P 6 ki ^ ^.^dlcr-Schickard (5) and B aimer (6) cryptomaria to illustrate the application of these 
techl } 1( P\ es to the problem of light plains interpretation and cryptomaria documentation 

ravl^ r^™^ ° f 1 right P l flinS 8,1(1 QMttMBK Prior to the ApoUo 16 mission, the 
hich^d Si?^n,Trh re ht t °u be of v° lcanic ongin (Fig- 1) because of their smooth nature, their filling of 
mfrilfmZ' d stra ?8raphic i and crater age placing them between the latest impact events and the earliest 

ana (2) thus, a significant phase of highland (high-albedo) volcanism was thought to characterize the earlv 
Imbnan history of the Moon. Astronauts John Young and Charles Duke at 

cratS SiJ^?(3°7Ttedt ( ][ mpaC \ brecci f ^y sis of retumed ^Ples and reassessment of the impact 
cratering process (3,7) led to the conclusion that light plains could be produced by ballistic erosion and 

^menmhon piocesses associated with large cratering events. However, the wide “Sr aSfshown by 

*}*T led some to continue to favor a volcanic ongin for many light plains deposits (8). An Jysis of dark- 

S SSnSfff Pr0Vlded fW ^ ***** “ beeVcoveXy ItL 

wiui later basin ejecta (4) Multi spectral imagmg provided evidence for the regional extent of some ervotomaria 
rrvnfrf of underlying maria incorporated into the overlying ejecta deposit (5). It also showed that in 

cryptomana regions proximal to basins, the contribution of primary ejecta may be so great or the vertical mix in a 

° r r™ 

is only obvious from the direct excavation and exposure in dark halo craters (4) In addition thisstudv 
together wnh crater ages (9), has shown that light plains overlying cryptomaria may form from a thin dusting of 
mfnZ" Cra ^ rejec „ ta - Rec ® nt identification of mare basalts with a weak absorption band at 1 tun (9 10) has led 
'°™ h ^ ty ’ non * ,radltiona1 '' cryptomana (Fig. 1). where the lack of the characteristic action bid 
roidd bu } d ^ djsUnctlon of contnbutions to mixtures with highland basin and crater ejecta Although albedo 
Z faC l° r in ** reco « ni * ion of diese types of cryptomana, 

( ncludmg some mana) may also exist which have relatively higher initial (mature soil) albedos We now use the 

7 iCkard ® .“ 1 < 6 > *e aSltoof ihl STS, 

the Problem of tight plains interpretation and cryptomana documentation. ques to 

hlllgf ^ hif kflrdFx n mr ' e : cryptomaria ( 4 > 5 ) is located about 900 km to the southeast of the 

transition zone of radially textured ejecta, plains, and secondary craters- its presence is 
mare SV*** w «* to extent is indicated by mixing S 

? n C ™ fp- A ^ mare fr f Uon tmage (5) shows the details of cryptomare distribution; abundance values are 

,nt ° dlSCre f ,evels> With a lower ^ of 25% chosen to mark the lower hZo^fider^e for an 
STirTZf SlgK t PatChCS of ' eryptomaria that are smaller, thinner, or closer to the basShTnot te 
detected with this lower bound. The two zones of high abundance on the floor of the Schictodlmnacf c ate 
corre^ond to the previously known small patches of post-Orientale mare; the rest of die fl™ sSZ derate to 
low abundance. The east, south, and west walls of Shickard show an absence of mare 2 a surfaa 

dommated by highland components. This illustrates the fact that many cryptomaria will tedKu^Sect 
tecause they are patchy and infilling crater floors. Most of the light plains and discontinuous facies of the 

WU S 3,111 l f we “ Schickard «* SchiU * r craters, and in the noiTm Sof fofschiUer 

S exhibit moderate to low mare abundances. On the basis of crater counts (5) some of the light 

Scf u |le r- Zu cchius apparently post-date the emplacement of the Hevelius Formation and may be Dost 

^ ^ ^ C ° Vered by bright ejeCta from nea *y craters such as ZucdS? ThiTshows SL 
g by post-basin crater ejecta can at least locally produce higher albedo plains. The mare fraction map (5) 

shows that a minimum areal extent of pre-Orientale mare is =3-4 xlO^ km^. However evidence fmm Hartr 

SZ U Z S ra? a '^ dditi0nal mare ^ buried by the c° ntinuo us facies of the Hevelius formation JS of 

this mam area (4). These areas are not detected in this analysis (because they have mare abundances less than the 

fns5l U em°^ ^ 5" C0VCred by 3 lhickne8S of ' VCtt. or be smaller than the ia^Ztion of tiif 

instrument Ihus, m this case, crater probes (dark-halo craters) help to detect the presence of cryptomaria where 
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closer to the basin but are swamped by ejecta deposits. , anomalous Cl 1) light 

The Ralmer Basin Example : The interior of this basin is the site of geochemically anomalous (ll ignt 

plains of Imbrian-Nectarian age interpreted to be mare basalts underlying a eS deposit 

however no maior basin in the vicinity appears to be capable of providing a substanual post-plains ejecta deposit, 
fnslad the bright veneer is interpreted to be due to the presence of five large impact craters within a distance of 
2 <50 km’ from the plains ( 5 ) providing a veneer of highlands crater ejecta to obscure the cryptomare (Fig. ). 
/mother possible explain, potentially supported by the geochemical data (H). « that these plains represent 
vnlranic deoosits that have an initially higher albedo than typical mare deposits (Fig. I). 

oi.Se basis of fhe« Llyxs, i. is clear .hat raolhple approaches ahd data *° 

determine the potential modes of origin of light plains and cryptomaria. In some cases, ancient cryptomana 
JSSSw '££* If I teyare blneih proximal basin ejecta, while in other cases, it is clear that the 

judicious use of global orbital spectral reflectance, imaging, and geochemical data will reveal a range _°^°^‘ es 
SSSSm well beyond ourcurrent knowledge. In this analysis, we are continuing to develop criteria for their 

recognition and documentation. 


Models of Light Plains Origin 



Pre-Apoflo 16: 


Highlands (High-Albedo) 
Votcantsm 



Post-Apoflo 16: Ballistic Erosion and Sedimentation 
^ (Impact Breccias) 


Models of Cryptomaria Occurrences: 


Traditional: 
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Umb Basalts (No Strong 1/rm Bond) 
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